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^strict. Me hive Identified the 3-0 rotitlon-Hbrttlon bend of 
cerbon Monoxide In the neer-lnfnred spectrun of Tittn end heve 
deteralned t prellalninf Mixing retlo CO/M, * 6 x 10*’. This result 
supports the probable detection of CO, by SiMuelson et §1. (7) and 
strengthens possible analogies betueen the alMosphere of Titan and 
conditions on the piiMltlve Earth. 


Saturn's satellite Titan has been knorni to have an atMospbere 
since Methane was discovered In Its spectrun In 1044 (1). However, 
the large nass and Marvelous ccnplexity of Its nltrogen-donlnated 
atnosphere was not realized until the successful Yoyab^r I flyby In 
1980 (2.3) . The list of atnospheric constituents has grown steadily 
with subsequent analyses of the Voyager data. 

These spectroscopic Identifications, when conblned with the Mean 
Molecular weight deduced for the atnosphere. seen to Indicate that argon 
nay be anong those constituents which are present In large quantities (4). 
This possibility further suggests a nodel for Titan In which the entire 
atnosphere Is fomed as a result of degassing of hydrates frozen as 
clathrates In the nantle during fomatlon (5). In this nodel. Much 
of the Nt we now see In the atnosphere could have been trapped In 
this way. provided that the proto-Satumlan nebula contained nitrogen 
In this diatonic fora, rather than In amonla. This assunptlon carries 
with It the prediction that sone 00 would be trapped as well. This 
association of CO with Nt In the nebula (6) provided the original 
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Mttvfttloii for ft ftoftrcii for 00 oft Tltoft. Tlift t ft b t o goxn t Olicovoiy 
of COt In Titftn'ft fttMspliort (7) 9000 odOttlonol to this 

Sftftrdi* ftinco th« oxlttonco of 00| In socft o roduclni omrlromont 
strongly l^^llfts thn prosonco of 00 os ft prtcursor. 

Horo Hft rtport ttio sucotssful rtsoU of our stordi ond dorlui 
ft pnltnlnftry tstlMto of tfto 00/N, Mixing rotlo. 

During tfto wook of 1-5 Duns 1Mt» m rtcordftd ft sorlos of spoctro 
of TiUn In thft 1.6 mm otMOSpliftrlc vlndou ot o resolution of 1.3 oi’* 
ulth thft coudft Fourlor TromfoiM SpoctroMstor ond ths dHMUr Noyoll 
tftiftscopft ftt Ritt Ptftk Nfttlonfti Oteorvotoiy. Tlit slgnol-to-nolso 
rotlo of thft co-ftddftd spoctro (froM 5600 to 7200 cm*^) Is opproxl- 
Mfttoly 40:1, roochod with o totol Intogrotlon tlMO of 7.5 hours. 

Figure 1 shows o portion of this spoctruM In the region froM 6300 to 
6380 cM'^t ftlong with spectre of Uronus recorded under slMlUr con- 
ditions during the s«no observing run. A coiftMirison of those tuo 
shows thftt the spectnii of Tlton conulns strong obsorptlons not 
present In the spectrun of Uronus. These oddltlonol TlUnlon obsorp- 
tlons ore reodlly Identified u the P- end R-bronches of the 3-0 
rotfttlon-vibrfttlon bond of 00. The predicted line positions ore 
ftlso Indicftted In Figure U end Indeed, two of the lines, P(3) end 
P(4), occur In o region uncontiMl noted h7 either soUr linos or 
Mithftne obsorptlons. 

Since the otMosphere of Uronus contolns no opprecloble 00 end 
Its spectruM Is doMlnoted by Mothone In the 1.6 |mi window (with 



tht txoiptlofi of CH,D absorption noar 6425 (8))» wo usod our 

obsarvatlons of Uranus to ostlaato tha contribution of nathana 
absorption to tbo Titan spactnn. Although tha ataosphoiic structuras 
of tht two objocts art vary differant, thara Is a striking slallarlty 
batwaan tha ovarall shapas of tha Mthana absorptions, with thosa 
of Uranus baing soMwhat daapar. Consaquantly, aftar corracting for 
tha ralativa Dopplar shifts and scaling tha absorption dapths, wa 
usad Uranus as a rafaranca to allwlnata tha Mjor affacts of tha 
Mthana absorption as wall as tha solar and talluric Unas In tha 
TItanlan spactna. Tha resulting residual spactruiv shown In Figure 1 
for Illustrative purposes only. Is at best a flrst-ordar approxlMt1?n 
to tna low-tawparature behavior of Mthana In this spectral region, 
but M consider It sufficient for the prellwlnaiy analysis reported 
hare. 

Although CO Is unequivocally present In Titan's atMsphere and 
wa can trace Its contribution to the spectruw by P- and R-branch Unas 
up to J * 9, It Is not a slwplo Mttar to detarwina Its nixing ratio 
fron these observations because of the presence of aerosols and possibly 
clouds. However, for this prallwlnary report wa have usad a siwpla 
reflecting layer model (RLN) to establish tha order of Mgnltuda of 
tha CO abundance. 

For tha RLN wa assumed that at these wavelengths we are "sMlng* 
to tha satellite's surface or to a danse cloud layer Just above It. 

This hypothesis Is tha basic pranisa of tha RLN and In this case gains 
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crtdtfioe frca tht obstrvatlon that waak aattiane bands In this sptctral 
region correspond to a colian abvndance that Is som ten tiMS larger 
than abundances derived free bands with comparable strengths at visible 
wavelengths (9.10). 

He computed synthetic spectra for all P(J) and R(d) lines with 
J < 10, shown In Figure 1» and derived a best fit to the residual 
spectrum with a total llne-of-sight column abundance of ea ■ 15 m*amaga.ts» 
where n * 3 for the gcametry of our observations. Using a surface 
pressure of 1.6 bars as determined by the Voyager radio occultatlon 
terns (2) and assuslng that N« constitutes 82t of the bulk atmosphere 
as proposed by the Voyager IRIS team (3). we derived a mixing ratio of 
CO/N, - 6 X 10*5. 

This RLM Is In fact a gross simplification of the radiative 
transfer In the atmosphere of Titan. First, our RLN estimate of 
the C0/N| mixing ratio could be significantly less than the actual 
amount If the "reflecting layer” lies much higher than the radio 
occultatlon surface at 1.6 bars. In view of the large column density 
estimated for CH^ In this spectral region, this circumstance seems 
unlikely, but nevertheless is a potential source of uncertainty In 
the RLN. 

Secondly, the RLN Ignores the enhancing effects of scattering 
on absorption by *Mak lines such as these, the result of which Is to 
overestimate the abundance and to fall to account for observed line 
shapes. This latter Inability of the RLN Is evident in Figure 1 



whtrt tht thirpiMtt of tht 00 Mm$ In tht oynthttlc spoctriA fills 
to Mtch tho obsorvod shtpos In tho rttldvil spoctnn, 

^ncountorod this %9m tfpt of nlsMtch In our UN anilysls 
of CHaD In tht spoctruB of HUn notr 642S ci*^ tnd found thit tht 
Introduction of t scittiiing htzt Is rtquirtd to tccount for tht 
obstrvtd lint shtpts of 011% (8). In tht 642S ai*' rtglon* whtrt wt 
hivt bttn tbit to titlMtt tht tMptrtturt dtptndtnct of CH% tbsorp- 
tlon (8}» 1 mdtl with t thin htzt Itytr ovtrlylng clttr gts tbovt t 
thick cloud provides rtthtr sttisftctory tgrttBont with tht obstrvtd 
sptctnii. This two*c1oud aodtl (TON) yields t CK% coIuhi density of 
qt • 2.2 kii*aiRtgttSi which tgtin suggests thtt wt trt In ftet seeing 
very deep. If the dense cloud corresponds to the rtdio occultttlon 
surface tt 1.6 bar, the nodel further yields a CH^/N^ Mixing ratio 
near 10-2» In agreenent with the Voyager estlMtes. 

Conseq'jently, we have used the swe Model for the GO analysis. 
Tht prellMlnary results are encouraging: although not yet entirely 
sat1sfectory» this TON provides an iMprovtd fit to tht obstrvtd band 
structure over that for the RLN. Me obtain from this nodel a pro* 
llmlnary CO column abundance of na ■ 12 M*tMgtts above tht dense 
cloud and a 00/Na mixing ratio of S x 10*’ If the dense cloud Is at 
1.6 bar. 

A considerable amount of additional work has yet to be done to 
establish our final estimate of the amount of 00 In Titan's atmo- 
sphere. Proper account of the temptreture dependence of methane 



•bsorptfan In tht 6900 ca~* rtgfon It rtquirtd to obtiln tn {aprovid 
rtsiduti spoctna. S1«f1«r1y» • rtfintd ttaosphtrlc notitl tpproprittt 
to this roglon Is ntodod to laprovi tho fft of the synthotic lint pro- 
flits iHth tht obstrvstlonss tnd ptHitps botttr obstrvttlons tbovt 
our prtstnt slgntl-to-nolst Itvtl of 40 asy bt ntctsstry. Nt art 
continuing our rostarch efforts along thtst lints; but In tht atan- 
wh11e» Mt btlitvt that wt have tstabllshtd tht abundance of CO In 
Titan's ataosphtro to altbln a factor of two. 

Tht detection of CO In this aaount requires soat additional 
discussion In light of the large CO abundance predicted by the photo- 
chtalcal aodtl used to explain the GOt detection (7). If the Influx 
of H(0 (assuaed to be the source of the OH radical required In the 
E.f-y reactions producing COt) Into the satellite's ataosphere Is about 
one-tenth the value associated with the aeteorltic Infall on the Earth, 
the observed COc abundance laplles C0/N| ■ 1.4 x 10~* (7). Our result 
Is well below this prediction, requiring a very large Influx of H^O If 
the proposed reaction sebeae Is correct, greater than that on Earth. 
Thus, our abundance deteralnatlon laplles either that a large local 
source of Icy grains exists In thu vicinity of Titan (e.g.. the E ring. 
Impact debris froa outer satellites) or other reaction pathways to 
convert CO to COt aust be found. In either case, the discovery of 
CO supports the probable Identification of CO, reported by Saauelson 
gt il. (7). but It does not necessarily follow that the CO we see now 
was captured froa the nebula as a clathrate by the foraing satellite 
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Md Is not tht mult of photochMrtctl mctloiis. An unm^lguoiis 
dntKtIon cf **Ar roMlns tht bust ovidenct for cUthroto cnpturt 
proctss. 

Tht iddltlon of sqm SO pp« of 00 to TItM's ttoosphoro* with 
tho conconltant lnpUcition of ictlvo OHt Mkes this ttaosphero tvon 
mrt Intomtifig u § niturtl liborttory for testing our Ideas about 
chenlstiy on the pre-bloioglcal Earth. Recent thinking has suggested 
that the early Earth My have had an atMsphere that was less reduc- 
ing than the tra^tlonal Nlller-Urey eodel (11). Titan departs Mst 
drastically froa this revised Earth aodel In being far too cold to 
pernit the existence of liquid water. Nevertheless* ataospheiic 
chenlcal reactions taking place on Titan today any reseeble som of 
those that occurred on the early Earth. Of particular Intemt Is 
the Issue of preferential pathways: are som routes towards chMical 
synthesis favored over others? The 93 K surface will serve as a cold 
trap for any complex organic aerosols that precipitate from the atmo- 
sphere; and with the presence of both HCN and CO established* these 
compounds should Include many of biological Intemt (12). 
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F16URE CAPTION 

Figurt 1. Spactri of Urtnut (a) and Titan (b) In tha 6350 oi”^ 
rtglon at a rtsolutlon of 1.2 cm**, obtalnad with tha Fouiiar 
Transform Spactronatar and tha i-matar talascopa at Kitt Paak 
National Obsarvatony. Rasidual Titan spactra (c) obtalnad aftar 
using tha Uranus spactrum to corract fbr tha major affacts of mathana» 
talluric, and solar absorption (saa taxt for datalls). Synthatic 
spactrui of CO (o/ ccaputad for a rafl acting layar modal of Titan. 

At top ara tha rotational assignmants and position for tha CO 3-0 
rotation-vibration band. 





